We examined the sensitivity of the Rey Auditory Verbal Learning Test (AVLT), California Verbal Learning Test (CVLT), Boston Naming Test (BNT), and Multilingual Aphasia Examination Visual Naming subtest (MAE VN) to lateralized temporal lobe epilepsy (TLE) in patients who subsequently underwent anterior temporal lobectomy. For the AVLT (n 5 189), left TLE patients performed more poorly than their right TLE counterparts [left TLE 5 42.9 (10.6), right TLE 5 47.7 (9.9); p , .002 (Cohen's d 5 .47)]. Although statistically significant, the CVLT group difference (n 5 212) was of a smaller magnitude [left LTE 5 40.7 (11.1), right TLE 5 43.8 (9.9); ( p , .03, Cohen's d 5 .29)] than the AVLT. Group differences were also present for both measures of confrontation naming ability [BNT: left LTE 5 43.1 (8.9), right TLE 5 48.1 (8.9); p , .001 (Cohen's d 5 .56); MAE VN: left TLE 5 42.2, right TLE 5 45.6, p 5 .02 (Cohen's d 5 .36)]. When these data were modeled in independent logistic regression analyses, the AVLT and BNT both significantly predicted side of seizure focus, although the positive likelihood ratios were modest. In the subset of 108 patients receiving both BNT and AVLT, the AVLT was the only significant predictor of seizure laterality, suggesting individual patient variability regarding whether naming or memory testing may be more sensitive to lateralized TLE. (JINS, 2008, 14, 394-400.) 
INTRODUCTION
Neuropsychological assessment serves different roles that are emphasized to varying degrees across epilepsy surgery institutions. The two primary purposes of neuropsychological testing are (1) to identify focal functional deficits associated with lateralized temporal lobe seizure onset, and (2) to assess the likelihood of postoperative memory and language change following surgery. Despite these slightly different objectives, common neuropsychological instruments are used because both seizure onset laterality determination and cognitive outcome prediction involve verbal learning0 memory and naming assessment.
The greatest postoperative cognitive risk following anterior temporal lobectomy (ATL) is memory decline, and in particular, verbal memory (Milner, 1972) . Memory risk is greatest following resection of the language dominant temporal lobe, and when the diseased temporal lobe to be resected still actively contributes to memory formation (i.e., high functional adequacy; Chelune, 1995) . The risk of naming decline following left ATL is also well-established (Bell et al., 2000; Langfitt & Rausch, 1996; Saykin et al., 1995; Schwarz et al., 2005) , and the role of the hippocampus in naming performance both pre-and postoperatively is increasingly appreciated (Hamberger et al., 2007; Seidenberg et al., 2005) .
This study reports the sensitivity of four commonly used neuropsychological tests of left hemisphere function to lateralized temporal lobe seizure onset in temporal lobe epilepsy (TLE). Unlike other diseases in which there have been specific recommendations to include in neuropsychological assessment protocols (e.g., Benedict et al., 2006) , there are no similar proposals in the neuropsychology of epilepsy. Differential test sensitivity may inform future practice, either during the development of eventual practice guidelines or affecting test selection for research protocols. Our primary analyses were directed to compare the relative sensitivities of these measures to lateralized dysfunction. As a secondary goal, we examined classification accuracy of the measures, both individually and in combination with a second measure to more fully characterize the contributions of each test to seizure onset classification (Hosmer & Lemeshow, 2000; Strauss et al., 2005) .
METHOD Neuropsychological Tests
Verbal learning and memory were tested with either the Rey Auditory Verbal Learning Test (AVLT) or California Verbal Learning Test (CVLT). The AVLT is a serial word learning task in which 15 words are presented over five learning trials (Schmidt, 1996) , followed by a second learning list, and then free-recall of the original list of 15 words.
The CVLT is a serial word learning task with a structure patterned after the AVLT (Delis et al., 1987) , with five learning trials, a single presentation of a second list with recall, followed by free recall of the original list. After a delay of approximately 20 min, free and cued recall, and recognition is tested. In contrast to the AVLT, the CVLT contains 16 words from four semantic categories (i.e., spices and herbs, fruits, tools, and clothing).
Visual naming was assessed using either the Boston Naming Test (BNT) or the Multilingual Aphasia Examination Visual Naming (MAE VN) subtest. The BNT (Kaplan et al., 1983) consists of 60 line drawing of objects that vary in their frequency of use (e.g., "bed" to "abacus"). The MAE VN (Benton et al., 1994 ) also uses line drawings as stimuli, although unlike the BNT, parts of the main object are also used as stimulus items (e.g., "thumb" in addition to "hand"). The test comprises 30 items.
Tests were administered according to standard directions from the test manual for MAE VN and for CVLT, and according to standardized instructions for BNT and AVLT (Spreen & Strauss, 1991) . A single dependent variable was analyzed fore each test (AVLT: total recall across trials; CVLT: total recall across trials; BNT: total correct without phonemic cuing; MAE VN; total correct). Delayed recall or recognition measures were not included in the database for both verbal memory tests, precluding analysis of other potential measures of interest. However, total recall across trials is the most reliable measure for either memory test (Strauss et al., 2006) . Raw rather than standardized scores were used in all analyses.
Subjects
Subjects were retrospectively identified from the Bozeman Neuropsychology Epilepsy Database. This is a de-identified archival database developed from the informal collaborations from neuropsychology programs at eight epilepsy centers that were willing to share clinical data and neuropsychological findings. The database is named after Bozeman, Montana, the site of the first meeting of participating centers, and has contributed to multiple multicenter epilepsy studies (e.g., Barr et al., 1997; Chelune et al., 1998; Loring et al., 1999; Strauss et al., 2000; Westerveld et al., 2000) . Participating centers included Baptist Memorial Hospital (Memphis), Cleveland Clinic Foundation, Long Island Jewish Hospital, New York University, Mayo Clinic, Medical College of Georgia, University of Victoria, and Yale University. These data were collected in compliance with research regulations in place at the time of data entry at each participating institution. Because this was an informal collaboration without independent financial support from an extramural source, the criteria for evaluation at each participating institution were used for patient characterization. Unlike multicenter clinical trials0observational studies, there were no formal mechanisms to standardize and evaluate clinical procedures across participating centers such as case report forms or study monitor visits. TLE patients were included if they had undergone Wada testing to establish cerebral language representation; only patients determined to be left cerebral language dominant were included. Patients with known lesions other than hippocampal sclerosis (e.g., ganglioglioma, dysembryoplastic neuroepithelial tumor (DNET), arteriovenous malformations) were excluded. However, because data entry began in the late 1980s, there are an unknown number of patients with lesions such as migrational disorders who were not identified using magnetic resonance imaging techniques the time of evaluation. Seizure onset laterality was determined according to clinical criteria in place at each participating institution, but generally consisted of multiple ictal and interictal electroencephalographic (EEG) abnormalities recorded with various combinations of surface and intracranial electrodes. All TLE patients subsequently underwent ATL.
There were 204 patients who subsequently underwent left ATL and 197 patients who underwent right ATL. From this group, 189 patients (left 5 91; right 5 98) were identified who were administered the AVLT and 212 patients were administered the CVLT (left n 5 113; right n 5 99). There were 135 patients who were administered the Boston Nam-
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ing Test (left 5 69; right 5 66), and 173 were administered the MAE Visual Naming Test (left 5 79; right 5 94).
RESULTS
Sample characteristics and mean Full-Scale IQ (FSIQ) levels are presented in Tables 1 and 2 . No significant differences were present with respect to age, education, sex, or handedness. Patients with left TLE had a slightly earlier age of habitual seizure onset compared with right TLE patients with the duration of epilepsy approaching statistical significance. No significant group differences in Wechsler Adult Intelligence Scale-Revised FSIQ, Verbal IQ, or Performance IQ were observed.
Results of verbal memory and confrontation naming tasks are presented in Table 3 . Patients with left seizure onset performed significantly more poorly on AVLT score based upon the sum across trials ( p , .002). Although a significant group difference was present for the CVLT sum across trials ( p , .03), this was of a smaller magnitude. On confrontation naming, significant differences were seen for both the BNT and MAE VN, although the magnitude of effect was greater for the BNT ( p , .001) than the MAE VN ( p , .02). Effect sizes (Cohen's d) are also presented in Table 3 .
We next modeled classification using logistic regression (SPSS 14.0). In the first analysis, the AVLT total was used to predict side of seizure onset. Default program values and the enter method of independent variable selection were used. Because left and right TLE patients differed on habitual seizure onset age, we entered this first in the regression analysis. Because it did not contribute significantly to the prediction ( p 5 .215), habitual seizure onset age was not included in subsequent analysis. When AVLT was included as a predictor, a nonsignificant Hosmer and Lemeshow statistic was obtained [Hosmer & Lemeshow x 2 (N 5 189; df 5 7) 5 8.46; p 5 .29]. The Hosmer and Lemeshow statistic is a test of model fit, with significant values indicating lack of fit in the model when tested against the observed data (Hosmer & Lemeshow, 2000) . The logistic regression coefficient for AVLT was significant. In logistic regression, the predicted classification value is 10(1 1 e 2z ). In this analysis, z 5 22.036 1 .046 ‫ء‬ (AVLT). Standard errors for the intercept and regression coefficients were .711 and .015, respectively. This indicates that, when AVLT total is less than 44, patients are classified as belonging to the left seizure focus group, with a predicted classification value less than .5 (predicted classification values range from 0 to 1).
Details of the correct classifications produced by the regression model are shown in Table 4 . Sensitivity, defined as the number of patients with left seizure focus correctly classified by the regression model (AVLT total less than 44) is equal to 440(44 1 47), or 48.4%. Specificity, defined as the number of patients with right seizure focus correctly classified by the regression model (AVLT total greater than or equal to 44) is equal to (660(32 1 66), or 67.3%. As shown in Table 3 , the positive likelihood ratio (LR1) was 1.48 [95% confidence interval [CI] 5 1.04 to 2.11; for calculations see Strauss et al., 2005 ; see also www.cebm. utoronto.ca0practise0ca0statscal0]. Although this LR1 is significantly different from one, in terms of the 95% confidence interval, the observed value indicates only modest diagnostic value. The negative likelihood ration (LR2) is .77 (95% CI 5 .60 to .98), which, although also significantly different from one, is of modest diagnostic value (Strauss et al., 2005) . Logistic regression analysis was re-run to test for a nonlinear (quadratic) relationship between AVLT None of these variables were significant in any analyses and, therefore, were not considered further. We then tested the hypothesis that BNT predicts side of seizure focus with logistic regression using the same default parameters described above. With BNT entered as a single independent variable, the Hosmer and Lemeshow test was significant [Hosmer & Lemeshow x 2 (N 5 135, df 5 7) 5 14.82, p 5 .04], although the intercept and regression coefficients were also significant. Because the significant Hosmer and Lemeshow test suggested some lack of fit, a quadratic term for BNT was examined using forward inclusion. However, when the quadratic term for BNT entered the equation as a significant predictor, the linear term for BNT was no longer significant. Therefore, the quadratic model for BNT was not considered viable. Although BNT was moderately negatively skewed, examination of various data transformations failed to identify any way to improve model fit over the simple linear model.
The classification table resulting from the simple logistic regression model containing only the linear term for BNT yielded a sensitivity of 58% and specificity of 70%. The associated LR1 was 1.91 (95% CI 5 1.26 to 2.90). The LR2 was .60 (95% CI 5 .44 to .83). Although these LRs are significantly different from one, the 95% CIs for both the LR1 and the LR2 include the values for the respective LRs for AVLT total reported above. LRs and confidence intervals for tests examined are also summarized in Table 2 . Therefore, the LRs for the BNT do not provide a better prediction of side of seizure focus than that provided by the AVLT.
To directly compare AVLT and BNT, we performed additional logistic regression using the same default parameters except that both AVLT and BNT scores were included as predictors and analyzed using forward inclusion in the sample of 108 patients who had scores on both tests. The analysis produced a nonsignificant Hosmer and Lemeshow test [Hosmer & Lemeshow x 2 (N 5 108; df 5 8) 5 6.43; p 5 .60]. The only predictor entered on forward inclusion was AVLT total (regression coefficient: p 5 .001). BNT just failed to meet the entry significance criterion ( p 5 .055). Method of forward entry did not alter the results. While it is tempting to assume that a larger sample might facilitate identification of a significant regression coefficient associated with BNT, forced entry into the equation of BNT only improved model fit by a small amount (difference in Cox and Snell R 2 5 .03, and difference in Nagelkerke R 2 5 .04) compared with the model with AVLT score only (Cox and Snell R 2 5 .11, and Nagelkerke R 2 5 .14). In addition, computation of the LRs after forced entry of the BNT score did not reveal any useful increments in correct classification. Prediction of seizure focus laterality was then examined in the subset of patients administered the CVLT. Using the same default analysis values as above, age of seizure onset was entered first followed by CVLT [Hosmer & Lemeshow x 2 (N 5 212; df 5 8) 5 11.40, p 5 .18]. In this analysis, age of seizure onset was significant ( p 5 .034) and CVLT just failed to significantly predict side of seizure onset ( p5.055).
Although not significant, a separate logistic regression was conducted on the CVLT score alone to derive classification performance for comparison with the other tests reported in this study. Prediction of left seizure focus from CVLT alone resulted in sensitivity569% and specificity539%. The associated LR1 was 1.14 (95% CI 5 .93 to 1.39). The LR2 was .79 (95% CI 5 .54 to 1.14). Both of these confidence intervals included one, and, therefore, illustrate in terms of explicit diagnostic efficiency that the CVLT cannot be regarded as providing useful diagnostic information.
In a final logistic regression analysis, MAE VN also entered into a prediction of side of seizure onset. Again, age at seizure onset was initially tested for inclusion but was not significant in this sample ( p 5 .144) and was dropped from this analysis. Prediction of seizure onset laterality by MAE VN alone [Hosmer & Lemeshow x 2 (N 5 173; df 5 8) 5 9.04; p 5 .34] was associated with a significant regression coefficient ( p 5 .02). The logistic classification resulted in sensitivity 5 75% and specificity 5 39%. The associated LR1 was 1.23 (95% CI 5 .99 to 1.52). The LR2 was .65 (95% CI5.42 to 1.01). Because both confidence intervals included 1, the LRs do not indicate useful diagnostic information.
DISCUSSION
These findings suggest differential neuropsychological test sensitivity to lateralized temporal lobe epilepsy for common tests used to assess verbal learning and confrontation naming. There were also differences in the magnitude of statistical results. Specifically, AVLT appears superior to CVLT in discriminating left from right temporal lobe seizure onset (Cohen's d of .47 vs. .30). When contrasting confrontation language measures, BNT was superior to MAE VN (Cohen's d of .57 vs. .36). Although three tests were associated with significant logistic regression equations and significant regression coefficients and were able to statistically differentiate left from right TLE, the results were of modest significance. Although there are significant theoretical implications of whether verbal learning or confrontation naming may be more sensitive to left TLE, this cannot be adequately addressed in this data set and must await future research.
These group differences can also be interpreted in terms of diagnostic utility and LRs. On the individual patient level, all of the tests except CVLT provided statistically significant logistic regression formula. However, when logistic regression classifications for all tests were examined, sensitivity and specificity were disappointing, reflecting the overlapping distributions of scores on all of these tests in patients with left and right TLE. When the sensitivity and specificity information was converted to LRs, only AVLT and BNT produced LRs that were significantly different from 1.
Although we anticipated that AVLT and BNT would provide a more powerful diagnostic model when combined into a single regression equation, this was not the case, with the only significant predictor being AVLT. Although BNT just failed to meet the forward entry criteria, this failure did not appear to be a function of low statistical power. Forced entry of the BNT score added only a small increment in logistic regression approximations to R 2 (3-4% change) and, although not reported, there was no useful change in the LRs after inclusion of BNT scores. Therefore, on the basis of the present results, the likelihood of having left TLE focus appears to be identified by the AVLT better than by any other test examined. Nevertheless, all of the correct classification data produced LRs of only modest magnitude and the best predictor, the AVLT, could only be described as a slightly useful diagnostic test (Strauss et al., 2005) . Although both CVLT and MAE VN scores produced statistically significant predictions of side of seizure onset, the resulting sensitivity and specificity statistics were suboptimal, and the LRs did not indicate significant improvement over base rate classifications.
Consistent with the absolute, albeit modest, differences in the Cohen's d's associated with BNT and MAE VN (Table 1) , the LR1 for the MAE VN fell below the lower bound of the 95% confidence interval for the LR1 derived from the BNT. This finding indicates that BNT is a significantly better diagnostic test of naming than MAE VN, perhaps because the BNT has twice as many items, although the BNT is still of only modest usefulness in absolute terms. A similar interpretation applies to differences in respective LRs associated with the AVLT and CVLT. These examples illustrate that LRs can be use as a direct test of incremental validity. If one test produces a LR that falls above the confidence interval for a second test, then the first test can be considered significantly more useful in diagnostic terms. That is, interval estimation using LRs may provide the most direct method for evaluating the hitherto nebulous concept of incremental validity.
It was impossible to examine all possible combinations of tests to determine which might produce the best discrimination between seizure onset laterality, because the same tests were not administered to all patients. Furthermore, because subjects were not randomly assigned to tests, potential differences in the criteria for surgery across centers may be contributing to our results. In addition, although the CVLT uses a longer list length and semantic relationships among its words, fewer words were recalled across trials compared with the AVLT. There are no systematic comparisons between the CVLT and AVLT in clinical populations, so whether this reflects a systematic difference in test difficulty or is an artifact of sample specific characteristics cannot be determined.
It is unfortunate that, when this database was being constructed, delayed recall or recognition were not included for both the CVLT and AVLT. Thus, no conclusion about 398 D.W. Loring et al. whether differences exist for other variables such as delayed recall or recognition, or the sensitivity of these measures relative to confrontation naming. A further limitation is the potential for criterion contamination because these tests were used to varying degree to determine surgical candidacy. We note, however, that the numbers of patients excluded from candidacy at any center due to neuropsychological test findings was extremely small (,1%), with inclusion criteria relying primarily on EEG and clinical semiology. Our data were collected using the original 1987 CVLT. The CVLT was revised in 2000, and in addition to increasing the normative sample, a new list of words was included in the revision as well as new approaches to analyze aspects of learning, memory, and motivational status. Although the original and revised versions of the test are informally treated as equivalent with respect to task difficulty and sensitivity to clinical disease, there may be systematic performance differences between the two test versions. Thus, given the difference in stimulus materials between CVLT editions, it is possible that different sensitivities between test versions may exist.
The overall test structure of the AVLT and CVLT is the same, with the primary difference between the two word learning tasks being the semantic relationships between words present in the CVLT and no obvious semantic link between words in the AVLT. The increased sensitivity of the AVLT to left temporal abnormality may reflect its increased sensitivity to deficits in relational learning. In contrast to the CVLT, AVLT words do not show a clear semantic relationship and subjects may have to rely on more effortful strategies (e.g., temporal tagging) to form relationships among items.
The relative contribution of the BNT and AVLT was not consistent in our analyses. When examined on a test by test basis regarding their ability to classify individual patients, only the BNT significantly predicted patients with left TLE. However, BNT classification fell within the 95% confidence interval for the AVLT, indicating that these two tests do not necessarily differ in classification ability. Further clouding an interpretation of the relative contribution of these tests is our analysis in which both tests were examined in the subset of patients in whom both tests were administered. In this analysis, the AVLT was actually superior to the BNT. It is now well established that the disruptive effects of focal temporal lobe seizure onset, demonstrated by both functional and structural changes, extend far beyond a single area of focal abnormality associated with the seizure focus (Burneo et al., 2004; Sawrie et al., 2000; Seidenberg et al., 2005; Theodore & Gaillard, 2002; Vinton et al., 2007) and that nontemporal lobe seizure effects will also contribute the sensitivity of individual neuropsychological tests to temporal lobe epilepsy. Thus, prospective studies in which both neuropsychological tests are administered to the entire sample using contemporary imaging measures (i.e., magnetic resonance imaging, positron emission tomography, magnetic resonance spectroscopy) will be necessary to address this important issue.
